Introduction
During the past 10 years there has been an increase in the rate of cesarean sections, and at the same time interest has increased regarding the effects of anesthesia on mother, fetus and newborn. In spite of improved procedures in anesthetics, in some cases newborns are in a depressed state after delivery by cesarean section. According to CRAWFORD [2] this is caused by drugs or biochemical factors or a mixture of both. While the barbiturates are the primary depressants of the infant from general anesthesia, this cause of depression is reduced to a minimum during regional anesthesia such as an epidural. The chief factors causing biochemical depression are maternal hyperventilation [13] , position of the mother during the operation and the duration of the induction-delivery-interval. Many authors [1, 2, 8, 11, 16] have pointed out how important the mother's position is during the operation, and how this influences the state of the newborn. In this way the frequency of fetal hazards caused by the supine hypotension vena cava-compression syndrome can be reduced by placing the mother in a lateral position of 15 ° deviation to the left. The question as to the optimal duration of the induction-delivery-interval in non-emergency cesareans has been a topic of interest over the past ten years. Some authors [6, 14] are in favor of a long induction-delivery-interval since the risk of depression of the newborn due to drugs Curriculum vitae MATTHIAS can be lessened through the exponential fall in barbiturate concentration in maternal and fetal plasma [3] . In some cases even when the mother is lying in a lateral position, a supine-hypotension-syndrome occurs leading to an increase in fetal impairment [2, 8, 11, 15 ] during a prolonged inductiondelivery-interval. In 1970 SALING [12] suggested that another possible reason for the worsening in the fetal condition could be the loss of the oxygen conserving adaptation of the fetal circulation induced by barbiturates. In this way vasoconstriction which occurs in the fetus in compensated chronic respiratory insufficiency as a protection for the heart and brain (organs most sensitive to hypoxia) is partially removed, and a generalized increase of 0300-5577/83/0011-0085$02.00hypoxia and acidosis follows. In order to study such an impairment to the fetus during the interval just prior to surgery we have continued to record the fetal heart rate on the operating table during cesarean sections for several years as a routine practice. The results from a period of 5 years are given in the following study.
Patients and anesthetic procedures
Monitoring of the fetal heart rate on the operating table was conducted during the period from January 1, 1976 to December 31, 1980 in 277 cesarean sections under general anesthesia. Elective cesarean sections, cesarean sections with epidural anesthesia, twin births and breech presentation were not included in the evaluation. Of the 277 cases evaluated, 178 cesarean sections were performed for arrest of labor in the pelvic inlet and 99 for prolonged fetal preacidosis or acidosis. After being transported to the operating room all patients were placed in a left lateral position (15 °) on the operating table. The fetal heart rate was registered with a cardiotocograph (HP 8020 A) from a scalp electrode until the uterine incision was ma de. Immediately prior to anesthesia, 0.25 mg of Atropine was given intravenously as a premedication. The injection of 200-300 mg of Thiopental (Trapanal®) followed ;t}ie preoxygenation to compensate for the relaxation apnea. Endotracheal intubation was done after muscle relaxation with l mg/kg BW succinylcholine. Up to the delivery of the fetus anesthesia was maintained under controlled ventilation using a mixture of nitrous oxide and oxygen with a ratio of 2:1. Immediately before delivery a nitrous oxide washout was performed. After the infant had been delivered, the mother was placed in a horizontal position and under continuous relaxation infusion, the analgesia was maintained with 0.3 mg Fentanyl. When it was clinically necessary (apnea or dyspnea) the newborn underwent endotracheal aspiration, intubation and ventilation. In depressed infants with an actual pH below 7.10 from the umbilical artery blood, a buffer solution of sodium bicarbonate (8.4% NaHCO 3 , 4 ml/kg BW) was given into the clamped umbilical vein.
Results
We subdivided the total group of 277 cesarean sections with a cardiogram on the operating table into "infants at hypoxic risk" and "infants without hypoxic risk". Ninety-nine infants were found to be at risk when fetal blood analysis during labor demonstrated prolonged preacidosis or an acidosis. In 178 cesarean sections performed for arrest of labor in the pelvic inlet, the infants were primarily regarded as nonrisk cases.
Cesarean sections for arrest of labor in the pelvic inlet
Details of parity, patient's age and birth weight of the infants are given in Tab. I. The median for the induction-delivery-interval (IDI) was 10.1 minutes and the interval between incision and delivery was 7.9 minutes. The duration of the fetal heart rate recording on the operating table ranged from 4 to 30 minutes (x = 13.1 min).
Condition of the newborn
The biochemical and clinical condition of the newborn is given in Tab. II. Of the 178 newborns, 161 were clinically vigorous (APGAR score > 7 points) and 17 (9.6 %) were depressed (< 6 points). The actual pH in the umbilical artery blood measured > 7.20 in 159 cases, and was acidotic in 19 cases (10.7 %). Six infants (3.4 %) were acidotic and also clinically depressed (APGAR score <6, actual pH <7.20). One infant (0.6%) had a clinically moderate state of depression combined with an advanced acidosis (APGAR score <4, actual pH < 7.10); 54 newborns (30%) had to be artificially ventilated for a short time, and 6 infants received buffer solution injected into the umbilical vein.
The condition of the newborn as a function of the anesthesia-induction-delivery-interval is given in Figs. 1 and 2. There was no significant correlation between the APGAR score and the anesthesiainduction-delivery-interval. There was a correlation coefficient for the APGAR score of r = -0.072 with p > 0.05. Similarly there was no significant correlation for the pH values of the umbilical cord artery to the anesthesia-induction-delivery interval (r = 0.016; p > 0.05).
Cardiotocograms
The cardiotocograms from the last 30 minutes before the patient was placed on the operating cardiotocogram. If one considers only the oscillation amplitude of the pre-and intraoperative cardiogram, 134 were unchanged. In 9 cases there was an increase in the amplitude and in 35 (19.8%) a decrease. The changes in the oscillation frequency were more marked. While 96 cardiograms showed no change in oscillation frequency, in 60 cases (33.7%) there was a decrease, and in 22 (12.4%) there was an increase. In four cases after anesthesia the oscillation pattern Oa (oscillation amplitude < 5 bpm, oscillation frequency < 2 N/min) occurred; 3 newborns had a normal acid-base state and were vigorous. In only one case with additional severe bradycardia was there an acidotic and depressed newborn. The baseline of 152 cardiograms showed no change. There was an increase in 16 instances (>20bpm), and in 10 instances there was a decrease (> 20 bpm) in the baseline. The cardiograms were also evaluated for pathological heart rate patterns such as decelerations and bradycardia. As can be seen in Tab. IV, 108 (60.7%) of the 178 cardiograms were without decelerations and without bradycardia. In 46 (25.8%) decelerations occurred, and in 24 (13.5%) bradycardia was noted. According to the degree of severity, 15 were classified as mild bradycardia (100-119 bpm) and 10 were severe (< 100 bpm). From the correlation between the condition of the newborn and pathological heart rate patterns, we found an increase of acidotic and depressed infants when decelerations and particularly when bradycardia occurred as can be seen from Tab. IV. Of 108 newborns with cardiograms without decelerations and without bradycardia, only 2 were acidotic, and 6 were clinically depressed.
Tab. IV. Heart rate patterns in cardiograms of 178 cases with cesarean section for arrest of labor in the pelvic inlet and the number of biochemically and clinically depressed newborns :}·
Cesarean sections in cases with preacidosis or acidosis
There were 99 infants with hypoxic risk during labor. Of these 66 were delivered by cesarean section because of acidosis, and 33 were delivered because of longer lasting preacidosis. As far as parity, maternal age and infant's weight were concerned, there were no great differences to be seen in the group of cesarean sections performed for arrest of labor (Tab. I). Corresponding to the indication, the median of the interval between anesthesia-induction and delivery was reduced to 7.9 minutes, and the median of the interval between incision and delivery to 5.9 minutes. The duration of the fetal heart rate recording on the operating table ranged from 4 to 20 minutes (x = 8.1 min).
Condition of the newborn
Of the newborns, 42 were optimally vigorous, 27 vigorous, 20 slightly depressed, 8 moderately depressed and 2 severely depressed (Tab. II). The evaluation of the umbilical artery ρ Η values showed a normal acid-base state in only one case, slight to moderate acidity increase in 33, slight to moderate acidosis in 41, advanced acidosis in 18 and severe acidosis in 6 newborns. Twenty-four infants were acidotic and also clinically depressed (APGAR score <6, actual pH <7.20). Five of these infants had an APGAR score of <4 combined with advanced,-pr severe acidosis (actual pH < 7.10). Fourty-one children had to be ventilated for a few minutes, and 22 had to be buffered through the umbilical vein.
Cardiotocograms
The evaluation of the last 30 minutes of the cardiotocogram before the patient was transferred into the operating room was normal in 4 
Three illustrative case reports
The importance of continous recording of the fetal heart rate patterns on the operating table (cardiogram = CG) will be demonstrated in 3 cases.
Figs. 3 a-c show the monitoring of the fetal heartrate, and at ta after placement of the patient on the operating table. Case 1 (Fig. 3a) : CG of a 22 year-old, para I with gestational age of 40 weeks with cesarean section for arrest of labor in the pelvic inlet. After placement and initiation of anesthesia, there was a reduction in the oscillation frequency, oscillation amplitude and also a decrease in the incidence of accelerations. Delivery of a vigorous boy with normal acid-base determinations, weighing 3970 g, U A actual pH 7.31, pH (qu40) 7.32; APGAR score 8 at 1 and 10 at 5 minutes. (pH (qu40) is the pH after equilibration with 40mm Hg pCO 2 and represents the metabolic acid-base state). Case 2 ( Fig. 3b ): 22 year-old, para I of 41 gestational weeks, fever during labor, cesarean section for arrest of labor in the pelvic inlet. The CTG shows a severe tachycardia (~190 bpm (Fig. 3c ): 32 year-old, para I, gestational age of 39 weeks with a cesarean section for arrest of labor in the pelvic inlet. Before and during placement on the operating table, no suspicious and/or pathological heart rate patterns were observed. After induction of anesthesia, bradycardia occurred. Delivery of a moderately acidotic vigorous female weighing 3450 g, UA actual pH: 7.10, pH (qu40): 7.24; APGAR score 8 at 1 and 9 at 5 minutes.
Discussion
It has been known for a long time, from numerous studies of the condition of the newborn after cesarean section, that unexpected acidosis and depressed state occur in several of the cases. These impairments of the newborn can be caused or increased by the position of the patient and by the anesthesia. At the beginning of the 1970's, several authors drew attention to the importance of placing the mother in a left lateral position during the operation to avoid a supine hypotensive syndrome. When comparing primary cesarean sections in a horizontal position to left lateral maternal position (15 °), ROEMER [11] was able to demonstrate significantly higher pO 2 values in the arterial cord blood as well as an improved base excess. Because of the left lateral position of the mother, the compression of the vena cava and the abdominal aorta by the pregnant uterus can be prevented or reduced. In this way, danger to mother and infant triggered by the supine position with lower heart minute volume and reduced uteroplacental perfusion can be lessened [7] . RALSTON [9] reported that an acute aortocaval syndrome can be expected in 1 to 6 % of the cases even with adequate positioning. For the rarely recognizable dangers of this syndrome which occur more frequently and which do not lead to a drop in the maternal blood pressure, CRAWFORD [2] created the expression "concealed caval-occlusions-sy drome".
/ ΛΧ^/y^v Λ ·>Λν. The negative influence caused by barbiturates on the fetal circulation can be responsible for the worsening of the child's condition during the operation [12] . Due to the anesthesia, the vasoconstriction is partially removed which would otherwise begin when chronic or respiratory insufficiency occurs in the fetus as a protective mechanism to organs exposed to hypoxic risk, and this leads to general increase in hypoxia and acidosis.
It is not possible to compare our results with other studies due to the different composition of the material. In our study no primary (this means elective) cesarean sections were included and we did not choose "clinically acceptable ideal cases [2] ". This is clear from the different frequency of pathological fetal heart rate patterns on the operating table in the two groups we examined. In the cesarean sections performed for arrest of labor, decelerations were observed in 25.8% of the cases and bradycardia in 13.5%; although in the group with fetuses already at risk due to signs of hypoxia, decelerations occurred in 33.3% and bradycardia in 19.2%. On the other hand, HARMS and ROEMER [5] in antepartum cardiotocograms from 1606 patients, who had still not started labor and who had no impairment due to anesthesia, could only find a fetal heart-rate pattern in 0.7 % of the cases which could have been caused by a caval-occlusions syndrome. Iri addition to various fetal stresses occurring during the course of labor, factors caused by anesthesia also play an important part. After the initiation of anesthesia there was a clear shift of the oscillation types to lower oscillation frequency and amplitude. Similar changes in heart rate on the operating table were reported by ROEMER and coworkers [10] in a small series. This "fixation of the heart rate'' is one of the well known reactions of the fetus to drugs such as atropine, sedatives and opiates.
In the group of cesarean sections performed for arrest of labor, 10.7% of the newborns were acidotic and 9.5% clinically depressed. The number of acidotic or depressed infants increased with the pathology of the cardiogram. Initially the fetuses were not at risk according to the cardiotocograms and fetal blood analyses. The cardiogram permits the retrospective explanation for acidosis and depression which occurred during the last minutes before delivery.
With continuous recording of the fetal heart rate from the operating table, the obstetrician is given the opportunity of recognizing fetal danger after deciding on a cesarean section and before the delivery of the infant; furthermore, in cases where the cesarean was originally not considered urgent, the fetus can be delivered immediately in a case of a pathological cardiogram. This plays a practical role in cesarean sections being performed by assistant physicians in training under the supervision of a specialist. Here it is recommended, should suspect or pathological heart rate patterns occur, to change so that the cesarean section can be performed more quickly by an experienced physician. If this method of monitoring is not practized, as for example in elective cesarean sections, then a shorter induction-delivery-interval must be aimed at.
Summary
Despite improvements in anesthesia procedures, there is sometimes an unexpected worsening in the condition of the newborn in cases of cesarean section. In order to detect a possible hypoxic risk to the fetus occurring in the final intrauterine period, we have been monitoring the fetal heart rate on the operating table as a routine practice for many years in cases with cesarean section. * At the Department of Obstetrics in Berlin^Neukölln Hospital during a period of five years, the fetal heart rate was recorded by a cardiotocograph (HP 8020 A) from the time of placement on the operating table until the beginning of the uterine incision in 277 cesarean section performed with general anesthesia. Of these, 178 were for arrest of labor in the pelvic inlet and 99 for longer lasting preacidosis or early acidosis. In the group of 178 non-emergency cesarean sections for arrest of labor in the pelvic inlet, there was no sign of hypoxic risk to the fetus when the indication had been decided. Of these 178 newborns, 161 were born in a clinically vigorous state and 159 were in a normal acidbase state; 17 (9.5%) were clinically depressed (APGAR <6) and 19 (10.7%) were acidotic (umbilical artery actual pH < 7.20). The examination of the newborns' condition dependent on the anesthesia-delivery-interval showed no significant correlation (p > 0.05) either as regards to the APGAR score or the actual pH level in the umbilical artery.
Following administration of anesthesia a change of oscillation types to a lower frequency and amplitude occurred in the cardiogram of the fetus which was probably due to medication. Thus, the oscillation pattern after the anesthesia has been given cannot be used as a parameter for the diagnostic state of the newborn. Pathological heart rate frequency patterns occurred in the form of decelerations in 46 (25.8%) and in the form of bradycardia in 24 (13.5%) of the 178 cardiograms. Whereas an increase in the number of acidotic and depressed infants could be seen after occurrence of decelerations and in particular after bradycardia, only 2 newborns were acidotic and 6 were clinically depressed from 108 cases with cardiograms without pathological heart rate patterns. In the group of 99 cesarean sections indicated by longer lasting preacidosis or early acidosis, there were 33 cardiograms with decelerations and 19 with bradycardia. The occurrence of pathological fetal heart rate patterns was clearly associated with the worsening of the infant's condition.
The cardiogram enables us to recognize a possible risk of a worsening in the infants' condition after anesthesia has been started, and it permits a< shortening of the anesthesiadelivery-interval time in these cases by shortening the duration of the operation. For example, from the practical side, in cesarean sections being performed by assistants in training under the supervision of. a specialist, should suspicious or pathological heart-rate patterns occur, then the operation should be taken over by the experienced physician and continued without further loss of time. Furthermore, it is possible to obtain a retrospective interpretation of depressed conditions and acidosis occurring unexpectedly in the newborn, where the fetuses were not previously at hypoxic risk. For the above mentioned reasons, it is recommended to perform a continuous recording of the fetal heart rate on the operating table in cesarean sections as a routine measure. If cardiographic supervision on the operating table is not possible, as is the case for example in elective cesarean sections, then in general a short anesthesia-deliveryinterval should be aimed at.
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